Abstract The issue of destroying small polycyclic aromatic hydrocarbon (PAH) particles by radiation from AGNs is examined through optical narrow-emission line ratios of a sample of type II AGNs. We find that narrow-line ratios [OI]λ6300/Hα and [SII]λ6716, λ6731/Hα have prominent correlations with the PAH 11.3/7.7 ratio in our selected sample of AGNs. Because of the marginal (and in some cases no) dependence of the PAH ratio on the gas metallicity, a possible explanation for the correlations is the destruction of small PAH particles by the hard ionizing field associated with the AGNs.
INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are a kind of aromatic molecule everywhere in the interstellar medium (ISM) of the Milky Way and most nearby galaxies that have ongoing or recent star formation. Generally, PAHs are considered to be the most efficient species that undergo photoelectric heating (Bakes & Tielens 1994) in photodissociation regions (PDRs) . PAHs are stochastically heated by ultraviolet (UV) and optical photons that predominantly originate from massive stars and then the incident energy is re-emitted in the infrared band. The luminosity in the mid-IR PAH emission bands is very strong for galaxies with ongoing or recent star formation. In galaxies with intense star formation, up to 20% of the total infrared luminosity is emitted in the PAH bands alone (Smith et al. 2007b) .
PAH emission has been seen in many environments, including stars, HII regions, the ISM, nebulae, PDRs as well as whole galaxies. This phenomenon has been extensively observed by the Infrared Space Observatory and was recently investigated with higher sensitivity using the Spitzer Space Telescope (Verma et al. 2005; Smith et al. 2007b ). Because of heating by the UV and optical photons from a massive star, PAH emission is widely used to estimate the star formation rate (Roussel et al. 2001; Dale & Helou 2002) in star-forming regions (Genzel et al. 1998; Clavel et al. 2000) .
There are four prominent PAH features in the mid-infrared from 5 to 19 µm, at 6.2, 7.7, 11.3 and 17 µm. The total power emitted in these PAH lines is significant, especially because the 7.7 µm PAH feature accounts for nearly 50% of PAH luminosity in all and about 10% of the total infrared luminosity (Smith et al. 2007b) .
The fraction of power radiated by PAHs in the different bands depends on both PAH ionization and the size of a PAH grain (Draine & Li 2007) . Thus, the observed variations in the band-to-band ratios from PAHs can reflect variations in physical conditions (Smith et al. 2007b; Galliano et al. 2008; Gordon et al. 2008; O'Dowd et al. 2009 ). They show a higher G 0 /n e (G 0 is the intensity of the incident UV radiation field and n e is the electron density) ratio that favors a larger fraction of positively ionized PAHs (Bakes et al. 2001) .
Previous studies with the Spitzer Space Telescope (Diamond-Stanic & Rieke 2010; O'Dowd et al. 2009; Smith et al. 2007b ) have found trends between the ratios of the various PAH features and properties of galaxies, such as AGN activity and star formation history. AGN-dominated sources tend to have a lower PAH 7.7/11.3 ratio than star-forming galaxies, possibly due to the preferential destruction of smaller aromatics by the AGN's accretion power (Wu et al. 2010) . Smith et al. (2007b) argued that AGNs are able to modify the PAH grain size distribution (by shocks or X-ray emission associated with the AGNs) or are able to excite large PAH molecules. In other words, the difference in the PAH's luminosity ratio comes from differences between the energy spectral index in AGNs and star-forming galaxies.
If the above scenario is correct, one expects to see a dependence of the PAH feature ratio on the spectral slope of AGNs at high energy. In this paper, the dependence is studied by using the optical emission line ratios [OI]λ6300/Hα and [SII]λ6716, 6731/Hα from a sample of AGNs, since the two line ratios are mainly determined by the hardness of the ionizing field associated with an AGN (Kewley et al. 2006; Wang & Wei 2008) . Type II AGNs are the focus of the sample in this study just because the narrow-line ratios are easy to measure in their optical spectra. This paper is organized as follows. The sample is described in Section 2; we give the results and discussion in Section 3. The last section is a short summary.
SAMPLE
We compile a sample of type II AGNs with the measured PAH features at 7.7 and 11.3 µm from the literature. All the fluxes of both features were measured from the spectra taken by the low-resolution and high-resolution Spitzer Infrared Spectrograph (IRS; λ = 5.2 ∼ 14.5 µm, R = 64 ∼ 128, Houck et al. 2004 ). The one-dimension spectra were extracted by CUBISM (Smith et al. 2007a ) from the basic calibrated data using 3.6 × 7.2 apertures oriented along the slit direction. The fluxes of the 7.7 and 11.3 µm features were then modeled by PAHFIT, a spectral decomposition routine that models the dust continuum, starlight continuum, unresolved emission lines, PAH emission features and silicate absorption/emission (Smith et al. 2007a ). For each object, the corresponding optical narrow line fluxes were taken from a variety of previous studies. The sample finally contained 29 nearby (z = 0.002 ∼ 0.029) type II AGNs, and the infrared PAH ratios and optical line ratios are listed in Table 1 .
The sample is located on the three Baldwin-Phillips-Terlevich (BPT) diagrams in Figure 1 . The BPT diagrams are powerful tools to determine the dominant energy source in narrow emission-line galaxies (Baldwin et al. 1981; Veilleux & Osterbrock 1987) . AGNs are concentrated in the upper right corner of the three BPT diagrams, because of their stronger and harder ionizing field. The solid line in each panel shows the theoretical demarcation line that distinguishes "pure" AGNs from starforming galaxies (Kewley et al. 2001) . The dashed line in the [NII]/Hα versus [OIII]/Hβ diagram is the empirical demarcation line proposed by Kauffmann et al. (2003) , which is widely used to separate "pure" star-forming galaxies according to data from the Sloan Digital Sky Survey. Figure 1 indicates that all the objects listed in the current sample are located above the empirical line, and more than 90% of the objects can be classified as "pure" AGNs according to the Kewley demarcation lines. The previous studies indicate that these two optical narrow-line ratios in AGNs are related to both the ionization hardness and the metallicity of the gas. Stasińska (1984) investigated the consequences of the change in the spectral index α of the assumed photoionizing power-law spectrum ν −α on these two line ratios. As α becomes smaller, the ionization by X-ray photons becomes more important and both Fig. 1 The BPT designations. The solid line shows the theoretical demarcation line that distinguishes "pure" AGNs from star-forming galaxies (Kewley et al. 2001 Kauffmann et al. (2003) , which is widely used to separate "pure" star-forming galaxies. There is a marginal dependence between the metallicity and the PAH 11.3/7.7 ratio. Kewley et al. (2006) through their photoionization simulations. In addition, Wang et al. (2013) recently reported a direct correlation between these two narrow-line ratios and the spectral slope of AGNs at high energy.
RESULTS AND DISCUSSION
From Figures 2 and 3 , we can connect the correlation between the ratio of PAH 11.3/7.7 and the index α in the power-law spectra of AGNs. The result probably agrees with our expectation, which indicates the dependence of PAH feature ratios on the spectral slope of AGNs at high energy. This means that the harder the radiation field that exists, the larger the 11.3/7.7 ratio becomes. The role of hard radiation from the AGN on the PAH feature ratio has been comprehensively examined in previous studies.
The two line ratios could be additionally effected by the gas metallicity. Storchi-Bergmann et al. 
where
x ≡[NII]λ6583/Hα and y ≡[OIII]λ5007/Hβ.
We can see the result of this metallicity test in Figure 4 . There is a very marginal dependence between the metallicity and the PAH 11.3/7.7 ratio. We obtain a similar result by using the [OI]/[NII] ratio instead of the SSCK method (Nagao et al. 2002) in Figure 5 . Therefore, the metallicity is not an important issue that affects the PAH 11.3/7.7 ratio. Smith et al. (2007b) divided their sample into two groups and found that the PAH 11.3/7.7 ratio of the low-luminosity AGN group had increased rapidly corresponding to hardness ratios [NeIII]/[NeII] being stronger. However, the PAH feature ratio of the other HII-type galaxy group was constant. The observed increase in the PAH 11.3/7.7 ratio suggested there was selective destruction of those PAHs that was small enough to emit at 7.7 µm. Other studies have also shown there are positive correlations in the [NeIII]/[NeII] versus PAH 11.3/7.7 ratios. Those facts could be used to conclude that galaxies with an increasing hardness in the radiation fields from an AGN have relatively less emission from PAH features at shorter wavelengths compared to PAH features at longer wavelengths (O'Dowd et al. 2009; Wu et al. 2010) . In other words, harder radiation fields are more efficient at destroying small PAH grains; that effect may dominate the center of the galaxies. It is consistent with the possibility that an AGN can emit X-rays with sufficient energy to destroy smaller PAHs even at distances of kiloparsecs, where larger ones are harder to destroy (Voit 1992) . All the previous research revealed the fact that the PAH ratio depends on the difference in the spectral index (slope) of the physical object. The PAH ratios could be used to discriminate normal galaxies from AGNs. Our study takes one step further: to differentiate types of AGNs. The result suggests that a smaller α (harder X-ray) leads to more effective destruction of the 7.7 µm PAH band. It also confirms the lab experiment that a small PAH is easily destroyed in the environment of a similar Type II AGN (Voit 1991) . Pereira-Santaella et al. (2010) show the 7.7 µm PAH emission may be produced in star-forming regions, but the 11.3 µm PAH emission also comes from diffuse regions. Thus, low values of the PAH 11.3/7.7 ratio trace HII regions, which are associated with the brightest PAH emission (Galliano et al. 2008) , and larger values indicate less recent star formation. We should notice that the optical line ratios have a significant correlation with D n (4000), in which the value means "age" of the host galaxies and larger line ratios correspond to older stellar populations (Wang & Wei 2008 . Therefore, our results indicate that the PAH 11.3/7.7 ratio tends to be larger among older "age" host galaxies. This is consistent with the link between the status of a PAH feature ratio for an AGN and the age of the stellar population (O'Dowd et al. 2009 ).
However, the 11.3/7.7 band intensity ratio can also be affected by the PAH ionization state (Tielens 2008) . The ratio of ionized PAH 7.7 particles to neutral PAH 11.3 grains is set by the balance between ionization and recombination, which depends on the UV incident radiation field density (G 0 ), the gas temperature (T ) and the electron density (n e ) according to G 0 T 1/2 /n e (Bakes & Tielens 1994) . In order to distinguish the contribution from changes in the ionized fraction of PAHs or changes in PAH size, we examined the 6.2/7.7 ratios of this sample, which could be a better indicator of PAH size (Draine & Li 2001) . We obtained the only 18 PAH 6.2/7.7 ratios left in the selection sample and found there is basically no obvious relations between the PAH 6.2/7.7 ratio and [OI]/Hα as well as the PAH 6.2/7.7 ratio and [SII]/Hα. One possible explanation could be that the PAH molecules emitting the 6.2 µm and 7.7 µm features are destroyed with similar efficiency due to the average sizes of molecules (O'Dowd et al. 2009 ). Therefore, we cannot completely rule out the possibility that the variations in the 11.3/7.7 ratio are caused by the ionization state.
SUMMARY
We selected a sample of narrow emission line galaxies to explore the effect of AGN radiation on the PAH 11.3/7.7 ratio. The three BPT diagrams confirm that our sample targets (> 90%) are "pure" type II AGN galaxies. With data on infrared PAH features, we found strong correlations between the PAH 11.3/7.7 ratio and the optical narrow-emission line ratios [SII]/Hα as well as the 11.3/7.7 ratio and [OI]/Hα, providing possible evidence that small PAH particles are preferably destroyed by the spectrum of radiation from an AGN. We attempt to relate the fraction of PAHs with D n (4000) by using those two optical narrow-line ratios, which suggests that older host galaxies tend to have larger PAH 11.3/7.7 ratios.
